Using Delcam Powermill

Written by: John Eberhart & Trevor Williams
DM Lab Tutorial

Powermill is a sophistical tool path generating software. This tutorial will walk you through the steps of creating a basic,
3-axis vertical roughing tool path for milling in Powermill, starting with a 3D model in Rhino. We assume in this tutorial
that you'll be running your tool path on the robot, but the majority of what follows can be applied for jobs running on the
other mills as well; the main principles are the same. Later tutorials will cover multi-axis milling which is specific to the
robot.

MILLING IS NOT AN EXACT SCIENCE

Tool pathing and cutting on the mills, and especially on the robot, is not a matter of simply plugging in
numbers and walking away. The consistency of materials, even the same type of materials, will vary,
bits will get dull, and what cuts perfectly on one material with particular settings will not necessarily
cut the same on another material. It's essential that you consult with the DM Staff and Shop
Personnel as well as refer to posted guidelines. Do not simply guess at settings such as speeds and
feeds and hope for the best.

Your attention to what you’re doing and your comprehension of the information in this tutorial are the
key to safe and successful milling.

Setting up the correct origin for your model and setting the correct units

It is important to setup the correct origin of your model. The robot will record a base point. That base point is the same
point as the model origin. You need to locate the model to be milled BELOW the XY ground plane and in the POSITIVE
XY quadrant.

Below Ground plane \

Perspective

In the Positive X and Y Quadrant



It is also very important to orient the sides of your model to be milled in the orientation that is best suited for the robot.

The robot has the best access to the top, left and right sides of the model. The back and front of the model is less
accessible. Itis best to orient your model with this in mind

Left Side Access Right Side Access

Finally, you need to set your model units to Millimeters. Millimeters is the default units that Powermill uses and the
software that translates the Powermill NC code to Kuka Code Uses Millimeters as well.

Launching Powermill:
From the Start Menu, Choose All Programs>Fabrication>Powermill 2012. This will launch Powermill.
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Verify that you have all of the tool bars you need loaded.

Click on View>Tool bar> and choose the following Tool bars:

Main
Explorer
Viewing
View Mill
Status
Tool
Simulation

*Note: these may already be loaded
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Importing Your Model

Powermill can import a wide range of models from Polygon models to Surface models. However, it is best if you save it as
either a STL or IGES. If itis a polygon type model save your model as STL. If it is a Nurbs type model save it as IGES.

Select File Import model
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Setting up a Bounding Block - Stock Block or Custom Block
Creating a Stock Block - This method will generate a bounding box around your model, which you can then edit and set
to the dimensions of the material you wish to cut.

Click on the
Block icon

at the top of In the Drop Down called
the Powermill “Defined By” choose “Box”
interface

Under Coordinate System,
Choose “Global Transform”
Defined by _ This will keep your block
Box ] from rotating when you
Coordinate System change to a different work
Global Transform plane
Limits

A il Ly These values read off the
XL 1T505 196.83060 1920065275 extents of the model. You
¥ 1212109 14738052 14616841 'Lﬂf can change these numbers

Z 5065203 1633872 504.89551 % LO ad{jll_St tge size of the
— — ounain OX.
iE iE J

Estimate limits .
e PR Type Click the Ca!culate button
01 0.0 Moddl and a box will be generated

around the model.
[|Include reference surfaces

[¥] Draw Opacity - 0]

[ Cancel ]

| adjusted the Min. and Max XY

and Z values to reflect the area |

want to mill and to reflect the size
Min Max Length of material block | am going to mill.

X 00 2000 2000
v 00 150.0 150.0

7 -3150 00 3150

] |
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Note: You need to make the virtual stock material the
same size or a little bit smaller than your actual piece of
material to ensure you don’t cut away too much.

Limits

Once your stock piece is set you

Min Mex need to lock the values. Click the
X 00 @ 2000
lock Icon.
¥ 00 @ 1500
z 350 (@] oo This will ensure the bounding block

| | cannot be accidentally changed.




Creating a Custom Block - This method will allow you to load a 3D model that simulates a custom shaped stock piece.
This method takes a little more time to complete, but can save you hours of “Cutting Air” down the road.

In your original modeling program, build the custom block around your
object. In this case you see the original Beethoven model with some simple
boxes built around the object. These boxes will become my bounding box.

Select the boxes and choose File>Export Selected.

Use STL as the file type and save the bounding box model.

Click on the Block icon at
the top of the Powermill
interface

In the Drop Down called
“Defined By” choose
“Triangles”

Defined by

B2 Click the file icon to load the
block model.

Box

Box
Picture

B d
C;Illj:d::y Browse to the custom block

Min Max Length model and load it.

You will see your custom
block model appear around
the model you wish to cut.

Defined by

-
Coordinate Systern
Global Transform v

Limits
Min Max Length

Under Coordinate System,
Choose “Global Transform”
This will keep your block
from rotating when you
change to a different work
plane.




Creating a Workplane

Powermill calculates the toolpaths relative to coordinate systems called “Workplanes”. These are similar to the Universal
Coordinate Systems (UCS) found in AutoCAD and Archicad, in that multiple workplanes can exist which are all cartesian
transformations of 3D space related to a single, World 3D axis and and origin.

The World 3D axis and origin always remain the same. These are
equivalent to the real world dimensions and origin point, which is
typically the top corner of your material block closest to the robot.

Workplanes however exist relative to these dimenisions, in that their
origins can be a certain distance and direction away from the World
origin, and their axes can deviate from the axes.

When you create a workplane, what you are doing is specifying the
deviation from the World origin and axes that you want the robot to
perform its calculations in.

To create a workplane, right-click on the Workplanes node in the
left hand tree and select Create Workplane from the menu that
appears.

Then, the Workplane Editor toolbar will appear.
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Notice the workplane preview that
appears in the model viewport.
The yellow wireframe plane shows
the XY plane of the workplane
being created. This is, by default,
the same as the world origin and
axes.



Editing a Workplane

The simplest way to move the origin point in the model is to simply click and
drag on it. When your mouse is over the origin, the cursor will change to a
grasping hand. Clicking will grab the origin point.

If you already have the material block set up, the origin will automatically snap
to the edges and corners of the box when you drag it. It will also move in even
centimeters along any cartesian axis. While dragging, a gray number will
appear near the cursor, telling you how many centimeters you've moved the
origin.

To move the cursor precisely in multiple dimensions at once, you can use the
Position Form, which is access by this icon: rpeogq

EI¥ Y8

Open the position form

When the Position Form window opens, set
the Workspace to World. Then input the
coordinates for the desired Workplane origin,
relative to the World origin. For example, my
material block has dimensions 200mm (X) by
150mm (Y) by 315mm (Z) and the origin is on
the top of the block. So to move my workplane
origin to the exact center of my block, | would
give it values 100mm (X), 75mm (Y), and
-157.5mm (2).

Cartesian ‘ PDN Circle |Between |

Workspace ~ World

Current plane XY

\X o0

%v 0.0
zZ 00

It is recommended you always use the World
workspace setting, as it will always give you

the current workplane’s origin relative to the
World origin. Using the Relative setting, works
from the current position of the workplane origin
instead.

PE@@

. .
Notice the arrows on the workplane preview. ’
The direction the arrows point in is the positive [ [ 4eet | [ Accept | [ Concel |

direction for each axis.
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To rotate the axes of your new workplane, use the Twist About Axis buttons located here.\E:
These buttons will turn the entire coordinate system a specified number of degrees around the
designated axis (X,Y, or Z).

1821

Click on the axis around which you want to turn the coordinate system. A window and a circle will appear. The circle will
show you the direction in which the coordinate system is turning. In this case, I'm turning about the X axis, and the circle
appears in the YZ plane.

Typing in a number to the Angle and
pressing the Tab key will update the preview
to show that angle, but not apply the
changes. You can change the angle, again
at this point and then hit either Accept or
Cancel to apply or disregard the changes.

When you're finished editing your workplane,
hit the Accept Changes button which looks

like this: w .,E' ‘F

NOTE: You won't be able to perform any
other functions in Powermill until you've
accepted the workplane changes.




Activating a tool, setting feeds and speeds, and setting a safe height

L8 Toolpaths
= Tools

SR> 1 - 19mm 2flute flat|

- ¢ L) 2-19mm 2

To make a tool active, right click on the tool you want to activate and select
Activate. The tool will appear in the modeling window.

Note: If your tool appears really small or really large, your model
may not be scaled to the right size. Check the size in the original
modeling program.

What's the right tool for me?

For roughing, in which you want to clear as much material as
quickly as possible, your best bet is to use a large-diameter,
2-flute flat end mill.

For finishing, you'll want a smaller-diameter, 4-flute flat end mill;
the smaller the diameter, the better the level of detail but the
longer it will take to remove material.

The next step is to set the proper Feed and Speed rates for your model AND material.

For guidance on choosing the proper settings, please refer to the posted guidelines in the shop on proper Feed and
Speed rates.

When milling, you'll hear these terms repeatedly. In a nutshell:

Spindle Speed: the speed, in rpm, at which the spindle rotates when cutting. Powermill can calculate this
Given the cutting speed and the diameter of the tool.

Plunge Rate: The speed a bit moves straight into a material. This is the hardest type of cut a bit can make.

Feed (Feed Rate): the speed, in mm/min, at which the cutter is fed (advanced) across the work piece.
Powermill can calculate this given the spindle speed, chip load and number of flutes on the tool.

Chip Load (Feed per Tooth): the size, in mm, of the chip of material that each tooth of the cutter takes.
This value is determined by the tool and material being used.
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l {7 Feeds and Speeds

To set the feed and speed on a tool, activate the tool, and then click the feed and speed button.

Fo e

Toolpath Properties Tool Properties

Toolpath: (none active) Toolk 1 - 19mm 2flute flat

Type Diameter: 13.1 mm
Choose the type of cutto —— [FFEr -
perform Oseration Mumber of Flutes: 2
General e Overhang: 124.0 mm

Set the Spindle Speed
Set the Cutting Speed

Set the Plunging Feed Rate

Powermill will give
recommendations which are

a good starting point. You
should also follow the feed and
speed guidelines posted in the
shop as well.

Setting the Safe Height Clearance

| 1 Rapid Move Height o |

Geometry

sofeares [T -

MNormal
0.0 0.0 1.0

A

Safe / B.366128

Start # 3366128

Calculate dimensions

Rapid clearance 5.0

Plunge clearance 5.0

Calculate

Apply [ Accept ] [ Cancel ]

Click Accept when done

Cutting Conditions
Spindle Speed (Recommended: 11969 rpm)

@ 120000  rpm

Cutting Feed Rate (Recommended: 2500 mm,/min)

[E 25000

Plunging Feed Rate (Recommended: 250 mm,/min)

mm/min

Axial Depth of Cut

0.0 mm E| 200 mm/min
Radial Depth of Cut Skirn Feed Rate
E| 0.0 M 3000.0 mm/min

[l Working Diameter
0.0 mm 0.0

[] Overhang Compensation

Reset | Apply

Accept || Cancel

The tool should be pointing upward. However you need to set the
safe heights. To do this click on the reset to safe height button. \

Set the Workplane to “Top” (Workp[lane v
1 by default) from the drop down menu.

Click “Calculate” and th
bit should move to the \
middle of the block and

be above the block by the
specified safe height.




Creating a Rough Cut:

Click on the machining
Strategies button to open the
machining library.

/

For roughing a m
click the 3D Area

clearance tab and then/
click on Model Area

odel, _—

g Clearance.
Y | [ res A tool path example will
B a7 show up.

Click OK

25D Area Clearay

Area Clearance ‘ Blisks | DuH[ngl Favourites | Finishing | Legacyl Ports |

BEs <

Preview

FCDH’]EI Clearance
" Model Area Clearance|
& Model Profile
.Mmdel Rest Area Clearance
€9 Model Rest Profile

L Plunge Milling
’SIicaArea Clearance

& Slice Profile

Name your Tool path
(I.e. Rough Top)

|
- _ 1 Toolpath name— Rough Top
Verify you are using the correct tool ‘
----- k Workplane [ ]
Leave tolerance at 0.1 N\~ Block Model area clearance
This sets the length of vector for the ™[ Tool Style
tool path. .01 is 1/10th ofa MM.  JiN_ i~ o Limit
Set this to between .01 and 1.0 NG Model ares clearance
The larger the number, the smaller NG Offset
the cutting file.
Offzet all -
Thickness is how much the bit will Cut direction
stay away from the finished surface. Profile Area
Leave at 1 mm if unsure. Any - -
Step over: How much the bit will shift Tolerance
over per pass. 0.1
Typ. 1/3 to 1/2 the dia of the bit S e —
. [j---'v'. Leads and lin P — 2]
Step down: How much depth the bit \é Start point Lo
will cut per pass: int Stepover
(- Feeds and spee NG @
Foam (Max cutting length of bit) il | = Notes 100
----- E. User defined settings \
epdown
Wood( 1/4 to 1/2 the bit diameter)
i - 100
The harder the wood, the smaller Automatic ¥
the cut.

[ Rest machining

/[Ca|cu|ate] | Queue || OK || Cancel |

Your “Rough Top” tool

B NC Programs

NI Toolpaths | __— path is now listed under
o ;’m';‘s' > Rough Top the tool path tree on the

right.

¥ |-,_,-| 1-Taal-Ball-Foari
¢ |_| = 2-Tool-End-Foam
oo - .

/ \

Hit Calculate to calculate Cut Direction: The side the of

the tool path.

If you hit “OK” the tool
path will not calculate. It
will just record the tool

the bit that cuts into the wood.

For Foam, Set to Any
For Wood, set to Climb. This
will reduce splintering.

path settings.



Editing your Tool Path before it is created

You can select the other elements in the left hand side-bar of the tool path  [E e deeme D Lo’

strategy to make additional changes to how it will be calculated. This can ] Fooipath e 1

save you time in furhter editing once the tool path is generated. > L  (Workpl I
|| Tonl

To make sure that you are working with the correct Workplane and Tool,% it e

select those items and you can change the active tool and workplane EE‘E@.",'ZZEMM..,.

without exiting the settings window.  fimaciin

You can also limit how deep the tool will go when calculating the path. . ?Frm“:b'“'

This is handy when you are setting up different cuts for each side of an 3 o cebtion

object, since the robot will not mill the material behind or “below” the model _%’{‘;f;i;‘,‘;“;ﬁj‘*""

according to the Z-axis. Since the other side of the model will need to be oy

milled away anyways, any time spent calulcating a path from the far side of || &

& User defined settings

the model is wasted. By selecting a Minimum Z-limit on the Limit item, you
can stop this from happening.

74 Model Area Clearance

| typically select a
Toolpath name 1 minimum of 5-10mm

L wonpine [Limit / | || past the midpoint of ) o) o) (o)
-1 Tool / the block in the current — —

..t Limi Bounda . . . y
- — ™ 'W[ / a1¢ Z-direction. Since I've

1 @) ot g e S— rotated my axis 90 degrees around the X-axis, the block is 150mm
1l Unsafe segment rermova & - Kecpinside = deep in Z-direction of this workplane. So I'll set a minimum of -82.

. Flat machining
L..TF High speed

1T Order Block

:}7 Approach Limit % -
.y Automatic verification
- Cutter compensation
% Point distribution 1 paximum

¢ Tool axis
= 500
;i: Rapid move heights <&y

1T Leads and links

-l Start point [#] Minimurm

@] End point 820

i Feeds and speeds
" Notes
@ User defined settings

Z limits

vsecrr R =
[Catculate | [ Queue | [ ok | [ cancel | (feckath name {1
% :{;‘:‘;‘”'“E [Rapid move heights ]
.|| Tool
-t Limit Geometry
-#¥ Model area clearance Safearea  Plane -
. . . @ Offset
If you haven't already set the Rapid Move Heights on this € Wallinishing /wmpwane
& Unsafe segment removal

toolpath, you can do so by going to that section in the left hand
menu.

@ Flat machining

Neormal

L Ei 00 0.0 10 ||
. ol --Tg Automatic verification —
Just select the appropriate workplane from the dropdown menu,= || = & cie compereston S

< Point distribution

then hit the Calculate button. 1 Toolase Stz 50
.= Rapid move heights
AT Leads and links Calculzte Dimensions
.
~~. e‘d' ;T::.mt Rapid clearance 5.0
1 Feeds and speeds Plunge clearance 5.0
MNotes

& User defined settings

[ cateutate | [ Queve | [ ok | [ Cancel |




Editing your Tool path after it is created

One of the biggest strengths of Powermill is that you can edit the tool path after it has
been generated.

This tool path goes the whole length of our model. However, | only want to cut 2700mm
down from the top. To shorted the cut, | need to limit the depth of the tool path.
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I 47 Tools Rough Top Transform. ..
g ) 1To H H
.o Attach Active Tool ko Start
1] 55 e fctiveTeoto S I Right click on Rough Top tool
® U 3Toe v Activate Rearder... H > H H
o] #T0 Activate workpiane Mave Start Paints. . path Choose Edit>Limit.
¢ U STor Settings... tlfptdate Feed Rate Inside Boundary. ..
¢ L) &t Pt . .
g ] 7o Reetoc Upeiate Regin A plane and a settings window
o || ayo  SelectSurfaces : .
T Make Inwalid
Ll 570 oraw ke Tl will appear.
¢ L] 10T Drawing Options »| Set Start Poink
(9 Boundaries Calour ¥ SetEnd Point
4 Patterns Set Rapid Maves
P Feature sets Rename Set Feed Rates
1 wiorkplanes Save as Template Lock Connection Maves »
[ £57 Levels Addto v Unlock Connection Maves »
[+ @ Models Create Individual NC Programs Select Locked Connection Moves
& stockModels ot
otes
./ Groups Load Settings
[+ 2 Macros Animate »| Copy Toolpath
;tansntt_s‘ B Explode Composite Toolpath
ropertiss Combine Composits Toolpath
Verify
Replace Tool
Invert Selection
Edit » Delete Selected Components
- P I

&7 Limit Toolpath Form @@

-

Plane
Type [Plane ¥ v

Paink
% [ 100802 | | z [-a0.g]

dinate of the origin of the p\anek
o I 5 T | |

Boundary

Delete Original [] Save | Inner ~|

Reorder [

Set Type as: Plane Z

Adjust the Z height to
set the depth of the limit
plane.

Limit tar | Plane

Type | Flane Z

Set the Save to Outer or
Inner, so that the arrows
are pointing in the
direction of the path you
want to keep.

Delete Criginal [] Save | Cuter w |

Click Apply

Reorder [ ]

All Tool paths below the

Z plane will be deleted.



= @ Toolpaths

v £ ARrough Tap

L & >R Rough Top
-4 Tools

? | | 1-Tao

LI

) |_| =2+ Activate

l-._.-l 3-To|  Activate Workplane
[] #To

l-._.-l 5-Tao

| | g-To| Recreate Block
|_| 7-Ta|  Select Surfaces

I)aTa

L R e R e R ]

Drraw
|_| T8 Drawing Options 3
| |-,_,-| 10-T Colour 3
(9 Boundaries
4 Patterns Rename
I:P Feature Sets Save as Template
£ workplanes addt ,
< {u}
Level
[ Q SWEls Create Individual MC Programs
[+ @R Models
‘ Stock Models Load Settings
¥ Groups
[ =8 Macros
Properties
Werify »
Edit 3

Remave from Folder

Previewing your tool path

Tool path now Limited

You will also see you now have two
tool paths. You can now delete the
first tool path.

ight Click on the tool path, Select
Delete Tool path.

Powermill allows you to attach the tool to the tool path and then run the tool over the model in real time.

@ MNC Programs
4> Toolpaths

5 EF 1> RoughTop 1

Rough Top_1

Simulate from Start

v Activate
Activate Workplane

You can also play the bit along the tool path, by
clicking on the play stop and rewind buttons.

= [Ny

Right click on the tool path and choose Simulate from Start. Your bit will
jump to the starting point. If you click on the left or right arrows on your
keyboard, the bit will follow the tool path:

ex DI 4 I <D KDY

—_—




Running a Tool path Simulation

Powermill will allow you to run a rendered simulation of your tool path. To do this click on the Red Button to toggle into
view mill. Then click on the Play button and you will see the tool cut the part.

. : Click this button to exit
Toggle to View Mill
% L7 % X - E/ out of View Mill and
T ‘[E],,. & O i’,l} Q .”L._ w " B = return to Powermill.

=2 N Ty )ﬁ/ Click Play Stop and rewind to view the cutting.
e DI04l I <44 DD KDY 1

View the Simulation




Setting Up a NC Program and Posting the Job

The last step is to create an NC program and post that program out to the CNC Mills. The NC program is where you order
the various tool paths.

To create an NC program, Right Click on NC Programs, and Click on Create NC Program.

|| 2 "
@lw ‘ c‘.ﬂ NC Program : roughing
= @ Toolf NC Programs
v v Create NC Program \ nght CIICk and SeleCt
v L M Program Mames
7t . Create NC Program
— abt ~_ 1) Deactivate i fon File  C:\Program Files\Autodesk\PowerMill 21.0.30\kuka.pmoptz
Part Name 1
Tool Value Tip .

Give your program a Name

3 | Simultaneous

y/ Murnber Diameter Tip  Gauge Overhang ToollD  Type Toleran

21| 1 ] 2

Specify where the job will post

Choose “Kuka.pmoptz” for the Robot

Reset Tool Change On Mew Tool - Tool Mumbering  As Specified -

Tool Change Position  After Connection -

Tool

Cutter Compensation

Write Apply l I Accept | I Close I

\ Click Accept to Continue

= @ NC Programs

EREL - -ouohting prograr- Your NC Program will have your name. To add various
a Rough Top_1
=4 Toolpaths tool paths to your program, drag and drop the tool paths
@, @ >RoughTop_1 into the NC Program in the order you want them to run.

= @ NC Programs
& Rough|  roughting program
= @ Toolpaths

After you are finished placing your tool paths into your
program, right click on the NC program and choose
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For outputting to the Robot, check the following
settings:

cﬂ MNC Program : roughing @

MName roughing
Output File D:\roughing.tap

Machine Option File  C:\Program Files\Autodesk\PowerMill 21.0.30\kuka.pmoptz

Output Work plane: Blank

Highlight your various tool paths and set Gauge
length to: 0

(If you do not set this to Zero, your mill job will
offset by the length of the bit)

When done, click Write to create your outputted
Tool path.

Output Workplane Part Mame 1

Program Number 1 Tool Value Tip -
On Simultaneous
N JTcelpath MNurm iameter Tip  Gauge Overhang ToolID  Type Toleran
Rou op_1 1 18.05 *0 124 2-19..  End Mill 01
4 1 \ ] ¢
Tool Change On N - Tool Numbering  As Specified -

Jool Change Position  After Connection

Toolpath Rough Top_ 1

Tool
1D 2-19mn Tool Number 1 Gauge Lengt 0
Cutter Compensation
Length m * 0 Radius Mone ~ 0
Drilling Cycle Qutput On Coolant Mone -
Write ] [ Apply ] [ Accept ] [ Close

Click Write when done

Go to the robot and follow the instructions posted at the robot for converting the file you just created into Kuka code using

Robopost and loading those files into the robot.



